tion/ionization mass spectrometry (dMALDI-MS) is an attractive new approach for the non-targeting screening of metabolites in fatty liver . This method can reveal metabolic dynamics even with a trace amount of biopsy specimen without the need for pretreatment procedures such as extraction, derivatization, or purification. dMALDI-MS is being increasingly used for the analysis of biological infor-mation1 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
In this study, we performed an unsupervised multivariate analysis principal component analysis (PCA) for the non-targeting screening of the starvation-induced metabolites in the fatty liver tissue section to determine whether the analysis using dMALDI-MS can help determine a new profile of fatty liver. PCA is a statistical method that can be used to identify new, meaningful, hidden differences between clusters [16] [17] [18] . We were successful in identifying several differences between the metabolites found in normal liver and fatty liver. This approach can be applied to the analysis of trace amounts of tissues, including those obtained by human biopsy.
EXPERIMENTAL

1
Acetonitrile (ACN) and trifluoroacetic acid (TFA) were purchased from Kanto Chemical (Tokyo, Japan). 2,5-dihydroxybenzoic acid (2,5-DHB) was purchased from Bruker Daltonics (Bremen, Germany). All the chemicals used in this study were of the highest purity available.
2
Animal care and the experiments with animals were performed in accordance with the institutional guidelines and the guidelines of the National Institute of Health and the Animal Care and Use Committee (Mitsubishi Kagaku Institute of Life Science). Male C57BL/6 mice (12 weeks old) were used. The mice were fed a standard lab chow (MF; Oriental Yeast corporation, Tokyo, Japan).
3
We isolated the fatty livers from 16-h-fasted mice and normal livers from mice that were fed ad libitum. The mice were anesthetized with Nembutal (40-50 mg/kg), and their livers were perfused with saline. The isolated livers were immediately frozen in liquid nitrogen, and stored at 80 without any fixation. The dMALDI-MS samples were prepared as described previously, with a slight modification [19] [20] [21] [22] [23] . Briefly, the tissue was sliced into 10-mm-thick sections using a cryostat and mounted onto an indium tin oxide (ITO)-coated slide glass (Bruker Daltonics). A thin matrix layer was applied to the surface of the slide by using an airbrush with a 0.2-mm nozzle and DHB solution (50 mg/mL DHB, 20 mM sodium acetate, 70% methanol, 0.1% TFA) was sprayed.
4
Mass spectrometry was performed with a MALDI-TOF/TOF-type instrument: Ultraflex II TOF/TOF (Bruker Daltonics) equipped with a 355-nm Nd:YAG laser with a repetition rate of 200 Hz. Data were acquired in the positive-ion mode by using an external calibration method. The mass spectrometer parameters were set to obtain the highest sensitivity with m/z values in the range of 300-1000. All the spectra were acquired automatically using the Flex Imaging software (Bruker Daltonics). The laser was irradiated 100 times per position . The peaks were normalized to the total ion current and then compared. PCA was performed using the ClinProTools 2.1 software (Bruker Daltonics) on the m/z values for the samples of fatty liver and normal liver. MS/MS was performed on the tissue section in the positive-ion mode, and the Lipid Search (http://lipidsearch.jp/manual_search/) database was used to determine the molecular species of phosphatidylcholine (PC).
5
The workflow of dMALDI-MS and PCA is shown in . Frozen tissue sections were sliced and mounted on ITOcoated slide glass ( ) and sprayed with a matrix solution (
). The data for each data point were obtained ( ), and the spectra were stored and compared by PCA ( and ). The 100 most intense peaks were compared by PCA. To investigate the effect of different sample-preparation conditions, we performed the same experiment using the same samples on a different day (i.e., experiments were performed on day 1 and day 2). The differences in the peaks between the normal tissue and the fatty liver tissue were identified by MS/MS and database search ( ).
RESULTS AND DISCUSSION
shows the mass spectra from the normal liver sections and the starvation-induced fatty liver sections. We obtained about 750 spectra for both the sections having an m/z value in the range of 300-1000. There were some differences between the 2 sections in some peaks (arrow point in ). Unsupervised multivariate analysis, i.e., PCA was performed to identify the different peaks in both the sections. PCA is a statistical method used to reduce multidimensional data sets to lower dimensions and to identify new, meaningful, hidden, differences between the clusters. The result of PCA is represented by 2 multi-dimensional plots: the score plot and the loading plot. The score plot is based on the PCA and shows the similarities and differ- shows the score plot of the first and second principal component of the PCA. On the basis of these principal components (cumulative proportion rate, 92%) the data were divided into 4 groups. The first principal component contained the information about the differences in the sample preparations, indicating that the conditions of sample preparation strongly influenced the discrimination of the liver samples. This result did not compromise the intended diagnostic use of the data because the data of normal liver and fatty liver were clearly separated on the second principal component (proportion rate, 27%). The obtained results, therefore, support the fact that the spectra can be used to differentiate between pathological and normal conditions. The corresponding loading plot demonstrated the influence of the m/z value on the respective principal components ( ). The loading plot showed that the differences in the normal liver and fatty liver were apparent at several m/z values (e.g., 780, 878, 438, and 390). The differences between the peaks of the normal liver and fatty liver are shown in . On-tissue MS/MS was used to assign peaks. The peak at m/z 780 was identified as that of PC, because the presence of the fragment ions at the m/z values 86, 147, and 184, and neutral loss of 59 and 183 under MS/MS analysis is indicative of PC ( ) [24] [25] [26] . The peak at m/z 780 can be assigned as PC (1-acyl 34:2) + Na. The major molecular species of PC (1-acyl 34:2) should be PC diacyl 16:0-18:2, considering the abundance of fatty acids in the liver. Generally, PC is detected as [M+Na] + , and [M+K] + ions under normal conditions; thus, the peak intensity at m/z 796 (1-acyl 16:0-18:2+K) was compared with that of the peak intensity observed for the normal liver section; we confirmed that the peak at m/z 796 was increased by 123 14.6%. The peaks at m/z 808 and 802 were also assigned as PC (data not shown); however, the molecular species could not be identified because no neutral loss of carboxylic acids was observed. It was interesting to note that the dynamics of the peak at m/z 802 were different from those of the peak at m/z 780 and the peak at m/z 808. It is speculated that persistent fatty liver may change the ratio of the PC species in the tissue section, leading to the disruption of homeostasis in the liver. The change in PC ratio noted in this study was consistent with that observed in the previous LC/MS study 27) . Ginneken et al. also reported that PC (1-acyl 34:2) was the most increased PC specie, suggesting PC (1-acyl 34:2) was important role in evolution of fatty liver 27) . The effect of PC ratio on the onset of NASH should be evaluated further. The other peaks can be considered as the biomarkers of fatty liver ( ). The molecules that correspond to the m/z values of 422, 438, 390, 567, and 613 were not reported in the past studies [6] [7] [8] . Hence, our data suggested that dMALDI-MS was successful in identifying a new profile of fatty liver, although the new molecules could not be identified in this study. The identification of low-molecular-weight components by dMALDI-MS needs further investigation. Further studies are needed to identify the unknown molecules. Table 1 . Fig. 4 The Direct MS/MS Spectrum of the Precursor Ion at m/z 780. The ions of the diagnostic fragments suggest that the ion at m/z 780 is that of PC (1-acyl 34:2).
CONCLUSION
In this study, we analyzed the dMALDI-MS data related to fatty liver by PCA. We were successful in detecting hitherto an unreported dynamics of some metabolites in the fatty liver sections and have successfully shown the feasibility of PCA using dMALDI-MS data as a tool for analysis of metabolites, or biomarker discovery. This approach can be used in the analysis of human biopsy specimens of fatty liver in future studies.
